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SPECIFICATION 

BUNDLE TWISTED-PAIR CABLE 

This application claims the benefit under 35 U.S.C.§ 1 19(e) of a US provisional 
application Ser. No. 60/406,135 filed 08/26/02, and is a Continuation-in-Part (CIP) 
application of a copending application Ser. No. 10/229,640 filed 08/27/02. 

BACKGROUND OF THE INVENTION 

1. Field of The Invention 

[0001] The invention relates to the twisted pair cable, and particularly to the 
cable having a bundle of twisted pairs of conductors. 

2. The Related Art 

[0002] U.S. Pat. No. 6,348,651 with the same applicant and the same assignee, 
discloses an approach to implement low crosstalk of a flat cable having a plurality 
of twisted pairs (of conductors) closely side by side arranged one another. The 
arrangement of those plural twisted pairs is essentially concerned about a two 
dimensional design. Anyhow, sometimes the conductors of the cable is required to 
be of a bundle type in some applications. In other words, a three dimensional 
arrangement among the twisted pairs of conductors is required to implement the 
low crosstalk. U.S. Pat. No. 6,355,876 ('876 patent) discloses an approach to 
lower the crosstalk. Anyhow, even though the '876 patent tries to introduce a 
unique way to replace the traditional random trial-and error method for a better 
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result, differentiation of the pitch among different pairs seems still unsystematic 
and complicated in manufacturing. The two self-twisted pairs require to be further 
mutually tangled/interleaved with each other. The varied pairs may cause some 
non-uniform impedance and propagation delay. The cross cancellation among the 
twisted pairs requires the common-integer turns, thus taking a longer distance for 
implementation of such crosstalk cancellation. It questionably fits the high 
frequency, and still needs another trial-and-error to figure out the lay variations, 
(referring to different pitches of the different twisted pairs mentioned in column 5, 
lines 41-57). Additionally, the four twisted pairs as disposed in FIG. 2 of the '876 
patent, can be not densely/compactly/evenly arranged with one another, thus taking 
much space. 

[0003] An object of the invention is to provide a scientific, systematic, and 
easy way to lower the crosstalk among the three dimensionally arranged twisted 
pairs of conductors. 

[0004] In the aforementioned applicant's previous patent, i.e., U.S. Pat. No. 
6,348,651 ('651 patent), it is proved that the twisted pairs with different/opposite 
twisting directions may each other cancel out the crosstalk noise with around a 
ninety degrees phase shift where the phase shift is calculated from the offset of the 
twist starting point or node point between the adjacent pairs, referring to FIG. 2 A. 
Thus, under a controlled/precise manner, the shift angle is expected to be equal to 
360 * offset (distance) / the twist pitch, as shown in FIG. 1. It is noted that the 
'651 patent discloses the adjacent two twisted pairs having the opposite twist 
directions (i.e., clockwise and counterclockwise) because it is derived from FIG. 2 
of the '651 patent which is an advanced design relative of FIG. 1 of the '651 patent 
wherein the two adjacent twisted pairs have the same twist direction (i.e., either 
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clockwise or counterclockwise). Anyhow, the same technology, i.e., the ninety 
degrees phase shift was considered to be also applicable to the cable shown in FIG. 
1 of the '651 patent with the same result (referring to FIG. 2B), except that the 
radiation/field of the cable in FIG. 2 of the '65 1 patent may be deemed eliminated 
due to opposite twist directions between every adjacent two twisted pairs while 
that of the cable in FIG. 1 of the '651 patent may be accumulated larger due to the 
same twist direction between every adjacent two twisted pairs without roughly the 
field cancellation benefit at the far end of the cable. 

[0005] The copending parent application Ser. No. 10/229,640 discloses a three- 
dimensional arrangement of a bundle of twisted-pair cable essentially composed of 
a plurality of twisted differential pairs arranged in a quadrate manner among the 
neighboring pairs. Anyhow, such a quadrate arrangement is not a densest one of 
the bundle of twisted pairs. In fact, a hexagonal compact package for such twisted 
pairs can achieve the most compact size. 

SUMMARY OF THE INVENTION 

[0006] The invention is to use both the twisted pairs with the same twist direction 
and those with the opposite twist directions to form the matrix type arrangement so 
as to provide a bundle of twisted pairs of conductors in a three dimensional 
arrangement with one another with the lower crosstalk based on the so-called 
phase shift theory between the adjacent two twisted pairs as disclosed in the 
applicant's earlier U.S. Pat. No. 6,348,651 which is concerned about the two 
dimensional arrangement. 
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[0007] According to an aspect of the invention, a cable includes a plurality of 
twisted pairs of conductors in a dense hexagonal matrix-like form defining thereof 
horizontal rows and oblique columns to each other in a rectangular coordinate 
system wherein the twisted pairs in the same row have the same twist direction 
while have opposite twist directions with those in the two neighboring rows aside, 
and wherein for each row there is a ninety degrees phase shift between every 
adjacent two pairs and for each column there is a non-ninety degrees phase shift 
between every adjacent two pairs. Therefore, according to the theory introduced in 
the earlier U.S. Pat. No. 6,348,651 and the parent application Ser. No. 10/229,640, 
the self-cancellation of crosstalk occurs along each row and column, thus resulting 
in low crosstalk at the far end of the cable. 

[0008] Another aspect of the invention is to have each twisted have the same 
phase shift with regard to all the neighboring twisted pairs. 

[0009] Another aspect of the invention is to present an equation to achieve the 
phase shift among any three neighboring twisted pairs in the hexagonal compactly 
packaged twisted pairs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is an illustrative figure reflecting the main figure of the earlier 
invention disclosed in U.S. Pat. No. 6,348,651. 

[0011] FIG. 2 A shows the adjacent two twist pairs with the opposite twist 
directions and the self-cancellation of the crosstalk thereof. 
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[0012] FIG. 2B shows the adjacent twist pairs with the same twist direction and 
the self-cancellation of the crosstalk thereof. 

[0013] FIG. 3 A shows the hexagonally arranged twisted pairs using different 
pitches between the neighboring rows to reduce the crosstalk among the twisted 
pairs when one of said twisted pairs is viewed at its 0 degree position. 

[0014] FIG. 3B shows the hexagonally arranged twisted pairs using different 
pitches between the neighboring rows to reduce the crosstalk among the twisted 
pairs when one of said twisted pairs is viewed at its 90-degree position 

[0015] FIG. 4A shows the hexagonally arranged twisted pairs having a 90 
degrees shift between the neighboring twisted pairs in the same row while having a 
75 degrees phase shift between the neighboring twisted pairs in the different rows, 
when one of said twisted pairs is viewed at its 0-degree position. 

[0016] FIG. 4B shows the hexagonally arranged twisted pairs having a 90 
degrees shift between the neighboring twisted pairs in the same row while having a 
75 degrees phase shift between the neighboring twisted pairs in the different rows, 
when one of said twisted pairs is viewed at its 30-degree position. 

[0017] FIG. 4C shows the hexagonally arranged twisted pairs having a 90 
degrees shift between the neighboring twisted pairs in the same row while having a 
75 degrees phase shift between the neighboring twisted pairs in the different rows, 
when one of said twisted pairs is viewed at its 45 -degree position. 
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[0018] FIG. 4D shows the hexagonally arranged twisted pairs having a 90 
degrees shift between the neighboring twisted pairs in the same row while having a 
75 degrees phase shift between the neighboring twisted pairs in the different rows, 
when one of said twisted pairs is viewed at its 60-degree position. 

[0019] FIG. 5 A shows the hexagonally arranged twisted pairs having the same 
phase shift between the neighboring twisted pairs regardless of whether in the 
same row or the same column when one of said twisted pairs is viewed at its 0- 
degree position. 

[0020] FIG. 5B shows the hexagonally arranged twisted pairs having the same 
phase shift between the neighboring twisted pairs regardless of whether in the 
same row or the same column when one of said twisted pairs is viewed at its 20- 
degree position. 

[0021] FIG. 5C shows the hexagonally arranged twisted pairs having the same 
phase shift between the neighboring twisted pairs regardless of whether in the 
same row or the same column when one of said twisted pairs is viewed at its 40- 
degree position. 

[0022] FIG. 5D shows the two-row hexagonally arranged twisted pairs having 
the same phase shift between the neighboring twisted pairs regardless of whether 
in the same row or the same column when one of said twisted pairs is viewed at its 
40-degree position. 

[0023] FIG. 6 shows the three neighboring twisted pairs may be arranged to form 
an included angle a defined by two center lines each connecting two centers. 
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[0024] FIG. 7A shows the arranged twisted pairs, under o?=75 degrees, having a 
90 degrees shift between the neighboring twisted pairs in the same row while 
having a 97.5 degrees phase shift between the neighboring twisted pairs in the 
different rows, when one of said twisted pairs is viewed at its 0-degree position. 

[0025] FIG. 7B shows the arranged twisted pairs, under ce=75 degrees, having a 
90 degrees shift between the neighboring twisted pairs in the same row while 
having a 97.5 degrees phase shift between the neighboring twisted pairs in the 
different rows, when one of said twisted pairs is viewed at its 75-degree position. 

[0026] FIG. 7B shows the arranged twisted pairs, under qf75 degrees, having a 
90 degrees shift between the neighboring twisted pairs in the same row while 
having a 97.5 degrees phase shift between the neighboring twisted pairs in the 
different rows, when one of said twisted pairs is viewed at its 135-degree position. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0027] References will now be in detail to the preferred embodiments of the 
invention. While the present invention has been described in with reference to the 
specific embodiments, the description is illustrative of the invention and is not to 
be construed as limiting the invention. Various modifications to the present 
invention can be made to the preferred embodiments by those skilled in the art 
without departing from the true spirit and scope of the invention as defined by 
appended claims. 
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[0028] It will be noted here that for a better understanding, most of like 
components are designated by like reference numerals throughout the various 
figures in the embodiments. The definition of the local coordinate system and 
global coordinate system are same as what is defined in the parent application. The 
phase shift between the two adjacent twisted pairs means that when the line 
defined by two core centers of one twisted pair is aligned with the coordinate axis, 
the included angle between that line of the twisted pair and that of the other twisted 
pair. First of all, it should be understood that as mentioned in U.S. Pat. No. 
6,348,651, a 90-degree phase shift between the neighboring twisted pairs is desired 
to reduce the crosstalk. Anyhow, unlike the quadrate arrangement, it is impossible 
to arrange all the neighboring twisted pairs having 90-degree phase shift to each 
subject twisted pairs. The following embodiments show several approaches to 
obtain the maximum crosstalk noise cancellation. 

[0029] Attention is directed to FIGS. 3A-3B wherein the twisted pairs in each 
same row are arranged with 90-degree phase shift between every adjacent two, and 
the pitch of one row is essentially a multiple of the adjacent one. Anyhow, the 
disadvantage of this embodiment is to require a long distance to achieve the effect, 
and not good for the higher frequency applications. 

[0030] Referring to FIGS. 4A-4D, the twisted-pairs in each row have the same 
twisted direction and 90-degree phase shift between every adjacent twisted-pairs. 
For the different row with the different twisting direction, a best crosstalk noise 
cancellation can be achieved by an arrangement of 75 degree local phase shift 
angle through mathematical derivation when one twisted pair is aligned with the 
local zero-degree axis. The phase shift arrangement is also shown there is a global 
phase shift angle of 45 degrees for the neighbor rows when one twisted pair is 
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aligned with the global zero-degree axis. Also, there is a global phase shift angle 
90 degrees between very other rows when one twisted pair is aligned with the 
global zero-degree axis. 

[0031] Referring to FIGS. 5A-5D, the best solution is to give all neighbor pairs 
with the same local phase shift angle. However, it can not be found. Instead, it is 
achieved in only two rows arrangement, not for the matrix-like structure. This 
comes out the maximum crosstalk noise cancellation at 80 or 100, (i.e, 180-80) 
degrees local shift through derivations when one twisted pair is aligned with the 
local zero-degree axis. The initial arrangement in the first row has a global phase 
shift angle 100 degrees with the same twisting direction when one twisted pair is 
aligned with the global zero-degree axis. And the arrangement in the second row 
has a global phase shift angle 100 degrees with the same twisting direction when 
one twisted pair is aligned with the global zero-degree axis. The neighbor rows 
have a global phase shift angle 40 degrees in the beginning with different twisting 
direction when one twisted pair of aligned with the global zero-degree axis. 
Conclusively, this arrangement will give a local phases shift angle 80 or 100 
degrees, i.e., Row 1: 0, 100(-80), 200(120), 300(-60), 400(40), degrees and 
Row 2: 40, -60, -160(20), -260(100), -360(0), degrees. 

[0032] The above embodiment is a 60 degrees example. The general compact 
packing arrangement with an angle of a, which has a range between 60 for 
hexagonal compact packing to 90 degrees for quadrate compact packing. 

[0033] Referring to FIGS. 6 and 7 A- 7C, any local phase shift angle other than 0 
degree will cancel out some crosstalk noises. FIGS. 7 A- 7C are similar to FIGS. 
4A-4D except a is not equal to 60 degrees but 75 degrees. The pairs in the same 
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row have 90 degrees phase shift. The pairs in the different neighboring rows has a 
local phase shift angle under an equation of [45+{al2)] or [135-(o/2)] degrees and a 
global phase shift angle under an equation of +[(3os / 2)-45] or -[(3c^2)-45]. Also, 
there is a global phase shift angle of +2[(3aft)-45] or -2[(3a/2)-45] between the 
twisted pairs of every other row. It is seen that in FIGS. 7A-7C, according to the 
above equation, the global phase shift is 67.5 degrees and the local phase shift is 
97.5 degrees. 

[0034] Understandably, similar to FIGS. 5A-5D, the general equation for the 
local phase shift angle is [60+(a/3)] or [120-(c^3)]. The initial arrangement in the 
first row has a global phase shift of [(5a/3)-60] and in the second row has a global 
phase shift of -[(5(tf3)-60]. 

[0035] It should be noted that in FIG. 6 the twisted pair PI is spaced from the 
twisted pair P2 while PI contacts P3 and P2 contacts P3. Anyhow, PI can be 
spaced from P3, and P2 can be spaced form P3 too under the same above equation. 

[0036] While the present invention has been described with reference to specific 
embodiments, the description is illustrative of the invention and is not to be 
construed as limiting the invention. Various modifications to the present invention 
can be made to the preferred embodiments by those skilled in the art without 
departing from the true spirit and scope of the invention as defined by the 
appended claims. 

[0037] Therefore, person of ordinary skill in this field are to understand that all 
such equivalent structures are to be included in the scope of the following claims. 
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